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Measuring the Spatial Arrangement of Nmj-Nachr ion Channel Proteins in
the Cell Membrane
Hannah DeBerg, Nir Friedman, Cong T. Nguyen, Paul Simonson,
Paul Selvin.
University of Illinois, Urbana, IL, USA.
Although there have been substantial advances in the ability to resolve
membrane protein structure using x-ray crystallography, relatively few tech-
niques exist that are capable of probing the structure of proteins in their na-
tive environment of the cell membrane. Here we describe the application of
Single Molecule High Resolution Imaging with Photobleaching (SHRImP)
to probe the size of plasma membrane proteins in fixed mammalian cells
(Gordon, PNAS, 1994). We use the quantal photobleaching to two fluores-
cent dyes to measure the distance separating the two bungarotoxin binding
sites of the neuromuscular junction type nicotinic acetylcholine receptors
(NMJ nAChRs). We measure a separation of 9.551 nm using CF633 dye
which is in good agreement with the crystal structure of the protein. The
crystal structure of the receptor indicates there is an 8-10 nm separation
of bound bungarotoxins, depending on the exact position of the dyes on
the toxin protein. As a control, we also measure the distance between two
dyes on 51-mer double-stranded DNA oligos labeled with CF633 dye. Fur-
thermore, we present a fully automated analysis that employs a hidden Mar-
kov model combined with the Bayesian information criterion to detect
single-molecule photobleaching steps. Our results on the NMJ-nAChR pro-
tein demonstrate the ability of this technique to probe the geometry of ion
channel proteins in the cell membrane.
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Control K2P Channel Function
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Members of the K2P potassium channel family are key regulators of cell excit-
ability and are implicated in pain, anesthetic responses, thermosensation, neu-
roprotection, and mood. Unlike other potassium channel families, K2P channels
are gated by remarkably diverse stimuli that include chemical, thermal, and me-
chanical modalities. It has remained unclear whether the various gating inputs
act through separate or common channel elements. Here, we show that protons,
heat, and pressure affect the activity of the prototypical, polymodal K2P chan-
nel, K2P2.1 (KCNK2/TREK-1), at a common molecular gate that comprises ex-
tracellular elements of the pore-forming segments and part of the putative
fourth transmembrane helix, M4, that is proximal to the extracellular end.
We further demonstrate that the functional importance of the M4 gating
element is conserved across the K2P family, regardless of whether the gating
stimuli are inhibitory or activating. Taken together, our results highlight
a unique gating mechanism shared by K2P channels and suggest that the diverse
sensory properties of K2P channels are achieved by coupling different molecu-
lar sensors to a conserved core gating apparatus comprising the selectivity filter
and M4.
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The T1 Domain is not the Only Determinant of the Obligatory KV2.1/
KV6.4 Heterotetramerization
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Silent Kv (KvS) subunits (Kv6-9) do not form functional channels in ho-
motetrameric configuration but assemble with members of the Kv2 subfam-
ily generating functional heterotetrameric Kv2/KvS channel complexes. In
case of the functional subfamilies (Kv1-4), it is assumed that the T1 do-
main determines the (subfamily specific) tetramerization by promoting the
formation of possible homo- and heterotetramers and by preventing incom-
patible subunits from assembling. Here we report that in case of Kv6.4, the
T1 domain is not the only determinant for the obligatory tetramerization
with Kv2.1. Fo¨rster Resonance Energy Transfer (FRET) measurements us-
ing N-terminal CFP and YFP labeled Kv6.4 and Kv3.1 subunits indicated
a physical association between these subunits. However, these interactionsdid not lead to the production of functional heterotetrameric Kv3.1/Kv6.4
channels since i) co-expression of Kv6.4 with Kv3.1 did not affect the sub-
cellular localization of Kv6.4 nor the biophysical Kv3.1 properties, and ii)
the FRET results could only be confirmed by co-immunoprecipitation
(co-IP) experiments using the N-termini and not by co-IP experiments using
the full length a-subunits. These results indicate that the Kv6.4 N-terminus
- which is compatible with both the Kv2.1 and Kv3.1 N-termini - is not the
only determinant for the subfamily specific Kv2/Kv6 heterotetramerization
but that other Kv6.4 or Kv2.1 regions may also contribute. With electro-
physiological, FRET and co-IP experiments in which both N- and C-termi-
nal truncated Kv2.1 and Kv6.4 constructs as well as N- and C-terminal
Kv2.1 and Kv6.4 fragments were used, we found that the N- and C-termini
of Kv6.4 and Kv2.1 interact physically suggesting that the C-termini
of these subunits play an important role in the Kv2.1/Kv6.4 channel
assembly.
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Stability of the Cytoplasmic Dimer Assembly Regulates the Thermosensi-
tive Gating of the Voltage-Gated Hþ Channel
Yuichiro Fujiwara, Tatsuki Kurokawa, Kohei Takeshita,
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VSOP/Hv1 is a dimeric voltage-gated Hþ channel in which the gating of one
subunit is reportedly coupled to that of the other subunit within the dimer. The
molecular basis for the dimer formation and intersubunit coupling remains un-
known, however. Here we analyzed the high-resolution (1.45 A˚) crystal struc-
ture of VSOP and showed that the C-terminal cytoplasmic coiled-coil
architecture mediates dimer assembly and modulates channel gating via link-
age to the transmembrane S4 domain. Electrophysiological analysis and circu-
lar dichroism spectroscopy revealed that the temperature-dependent activation
of VSOP is regulated by the thermostability of the coiled-coil domain. Mod-
ulation of the activation kinetics by the cytoplasmic coiled-coil domain was
also altered by changing the flexibility/stability of the linker between S4
and the coiled-coil. Collectively, our results indicate that VSOP activation
is modified by the coiled-coil assembly through force transmission along
a continuous a-helix consisting of the S4 voltage sensor helix and the
coiled-coil strands.1888-Plat
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Bax is a proapoptotic protein that self-assembles to form channels on the
mitochondrial outer membrane, permeabilizing it, releasing cytochrome c
to trigger apoptosis. However, the detailed mechanism of how Bax forms
these channels and their dynamics are still unknown. We formed Bax chan-
nels in planar phospholipid membranes by adding octylglucoside-activated
full length Bax to one side of the membrane. We found that Bax can
form two different kinds of channels with different characteristics. The first
kind (Type A) shows discrete, uniform-sized, step-wise conductance
changes characteristic of single channels. These are voltage-gated: they
close at high positive voltages (on the side of Bax addition) and open at
low voltages. The second kind of conductance (Type B) consists of a noisy
increase in current that does not appear to be composed of a population of
channels but to be one large assembly. This conductance is not voltage-
gated. However, upon the addition of 5mM La3þ, the conductance de-
creases quickly after a variable delay, leaving a residual conductance of
Type A channels. The channels in the residual conductance have the
same voltage-gating characteristics and conductance as Type A. We specu-
late that the large channel undergoes 2-dimensional budding forming a pop-
ulation of small channels. This "budding" phenomenon is hypothesized to
be the result of an interaction between La3þ and the lipids because the se-
lectivity of Bax does not change after addition of La3þ. The selectivity of
both of these conductances favors cations unlike that reported for a trun-
cated form of Bax, DC19 Bax. Supported by a grant from NSF (MCB-
0641208).
